Human factors are the individual, team, environmental and organisational aspects of the anaesthetic environment that affect performance and decision-making of anaesthesia teams. This study aimed to identify which human factors were enablers and/or barriers to anaesthesia teams during airway management challenges. Sixteen interviews were conducted with experienced anaesthetists and anaesthetic nurses using an in-depth interview technique (the Critical Decision Method) to identify human factors enablers and/or barriers during successful management of a significant airway challenge. Thematic analysis identified three overarching enablers: equipment location and storage; experience and learning; teamwork and communication. Five overarching barriers were also identified: time and resource limitations; teamwork and communication; equipment location and storage; experience and learning; insufficient back-up planning; and equipment preparation. This study showed that a variety of human factors issues affect the handling of airway challenges, ranging from individual and team to organisational and environmental aspects. Recommendations for the design of airway management decision support tools that relate to equipment standardisation, decision support complexity, inclusive mutual learning and teamwork are discussed.
Introduction
Anaesthesia is one of the safest healthcare disciplines, and is known as a 'model for patient safety' [1] . Although deaths directly related to anaesthesia are rare they still occur, chiefly in situations where anaesthetists consider themselves expert, such as medication administration and airway management [2] [3] [4] . To a large extent, anaesthetic safety not only lies in the training and decision making of those that provide anaesthetic care but also in technology such as monitoring that is designed to support that care. Proactive management in anaesthesia often lacks visibility due to continuous effective prevention of notable incidents. Safety in anaesthesia can therefore be regarded as a 'dynamic non-event', with proactive management by clinicians constantly contributing to patient safety [5] .
In the last decade, the impact of human factors on safe anaesthetic care has been well established [6, 7] . Human factors refers to the individual, team, environmental and organisational aspects of a system that influence human performance. In anaesthesia, this includes medical devices, staffing and procedures (among other factors) that support the safe care of patients by anaesthesia teams. In airway management, at least one of these factors (and on average three other factors) were implicated in a sub-group analysis of 12 adverse events from the UK Fourth National Audit Project (NAP4) [8] .
One component of human factors, non-technical skills, has received a lot of attention in recent years [9] [10] [11] due to high-profile cases such as that of Elaine Bromiley [12] . Non-technical skills include interpersonal skills such as situational awareness, leadership and teamwork, but do not explicitly encompass the whole multiple-layered environment in which anaesthetic work is embedded. The anaesthetic system needs to be more broadly defined than solely referring to the (inter)personal level. According to Bogner's artichoke model [13] , the patient-anaesthesia team interaction is at the core, but is surrounded by multiple layers that influence interactions: the social and physical environment; ambient conditions and the organisation. Thus, the practitioner's cognition is affected by factors at different layers of a complex system. For example, cues for action from the patient and technology, the availability and design of equipment, and a culture in which junior staff members feel able to speak up if they feel that patient safety is threatened.
Anaesthesia team members typically show excellent adaptive capabilities in difficult situations [9, 14] . However, although the presumed causes for human error have been studied frequently, there is a scarcity of research that looks into how anaesthesia teams have managed airway management challenges successfully. Furthermore, as noted above, most human factors research has focused on non-technical skills rather than adapting a broader perspective.
Consequently, the primary aim of this study was to identify human factors enablers and barriers that clinicians experienced when they successfully resolved airway management challenges. A secondary aim was to provide recommendations for the design of a decision support tool for airway management. Existing decision support tools such as cognitive aids and checklists have often been designed using a 'top down' approach. Guidance for the design of a decision support tool for airway management that is based on interview findings with anaesthesia providers has the potential, therefore, to add significantly to current knowledge. Input from a variety of experienced anaesthetic team members, who have solved similar problems, guards against assumptions of how activities are optimally performed [15, 16] . Consideration of environmental enablers and barriers experienced by practitioners working at the frontline are rarely incorporated into the design of decision support. This study attempts to address this gap by providing guidance on design that is based on an improved understanding of how human factors issues affect airway management.
Methods
Ethics approval was obtained from the Human Ethics Research Committee and Nursing Research Advisory committee of the two participating organisations, one large hospital and one medium-size metropolitan hospital in the greater Melbourne area. Recruitment of anaesthetic consultants and anaesthetic nurses was initially done via email invitation, and further participants were recruited through word-of-mouth. An information statement and consent form were sent to all participants, and written consent was obtained before commencement of the study. Apart from one experienced trainee, all participants were qualified specialists at the time of interview.
A total of 16 interviews were conducted: 12 with anaesthetic consultants and four with anaesthetic nurses (see Table 1 ). The sample size was based on two considerations. First, a sample size of six or more has previously been identified as adequate to reach data saturation in an in-depth interview study [17] . Second, on reviewing published healthcare interview studies, a sample size of 16 was in the upper range, with a median of 13 respondents [8, [18] [19] [20] [21] .
We employed the Critical Decision Method [22] , a specific interview technique that has been used in healthcare and other safety-critical industries to obtain tacit knowledge from domain experts [18, 19, 21] . The participants described a critical incident in which they were an active decision maker. The interviewer and participant reconstructed the key events to determine: cues in the environment that were important; what the difficulties were; what the goals were; factors that helped them make decisions; how the participants knew what to do in the situation. In the final phase, related hypothetical situations were presented to determine what (if anything) would have helped with making key decisions at the time, or if a certain tool or environmental change could have supported someone with less experience to successfully handle the airway challenge.
The Critical Decision Method interviews have previously been analysed to identify key decisions made by anaesthesia team members in challenging airway management incidents, and the cognitive processes and environmental constraints that these decisions rely upon [23] .
In this study, interviews were analysed with regard to what factors facilitated and/or impeded successful airway management during the critical incidents. Enablers and barriers were broadly defined as any human factors issue related to cognition, teamwork, the physical environment and the organisation that was mentioned as facilitating or impeding successful airway management.
The interviews were transcribed and relevant excerpts extracted manually for further analysis. The extracted data were then uploaded into NVivo (version 10, QSR International, Burlington, MA, USA) and coded. An 'open coding' strategy was used, guided by the content of the interviews rather than an existing theory [24] . Overarching themes were identified, with specific codes forming subcategories that were confirmed by a second author (with examples) for critical review. Discussion between the two authors resulted in one minor adjustment to the coding; one quote was moved to a different subcategory. Finally, the coding hierarchy was further analysed using descriptive analysis in NVivo and Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).
Results
Interview lasted between one and two-and-a-half hours. A diverse range of airway challenges were discussed (see Table 2 ). Thematic analysis identified a broad range of environmental, team and individual human factors that affected successful airway management. These were categorised into three overarching enablers and five overarching barriers to successful airway management (Fig. 1) . Although more barrier themes than enabler themes were identified, these were mentioned less frequently; the three enabler Airway obstruction in recovery after thyroid surgery (emergency) 10 Neck fusion surgery with unexpected difficult airway (elective), participant was called for help 11 Drug confusion (anxiety drug and muscle relaxant drug) before surgery (emergency) 12 Laparoscopy, unexpected difficult airway (elective) 13 Acute epiglottitis, transferred from emergency department (emergency) 14 Acute appendectomy, unexpected difficult airway (emergency), participant was called for help 15 Angioedema, transferred from emergency department (emergency) 16 Acute appendectomy (emergency) themes were discussed in most interviews (13) (14) (15) (16) , whereas barriers were only mentioned in four to eight interviews. Figure 2 presents an overview of the subcategories for the three enabler themes 'equipment location and storage', 'experience and learning' and 'teamwork and communication'. Enabler themes had a different number of subcategories. Location and storage of equipment was the most frequently discussed enabler, mentioned in all interviews as being fundamental to successful airway management. Specifically, equipment that was readily available to be used, and the knowledge of where to locate this equipment immediately. For example, ready availability of a supraglottic airway (for airway rescue), or airway adjuncts such as a bougie. Similarly, smoother transition to front-of-neck access techniques was possible in cases where the relevant equipment was immediately at hand. This in turn depended on prior preparation of airway equipment, most often by the anaesthetic assistant. Another example was the importance of knowing the location of a specific item of equipment within the difficult airway trolley, and being able to quickly hand it to the person managing the airway. Several respondents suggested that rescue equipment taped visibly to the side of the anaesthetic trolley acted as an important reminder of alternative options when airway difficulties occurred. Close proximity of the difficult airway trolley supported a smooth transition between airway techniques when difficulties arose.
The importance of teamwork and communication between anaesthesia team members and the broader medical team (ranging from surgeons to technicians) was another frequently discussed theme (in 15 of the 16 interviews). Most frequently, the communication of difficulties, what was going on at the time and future plans with the anaesthetic nurse, the surgeon and other medical staff was discussed as being crucial for a dynamic and successful process. It was acknowledged that speaking out loud helps involve everyone ("share the wisdom of people in the room", Anaesthetist #10), for example, when repeated attempts at intubation were necessary. The crucial role of the anaesthetic assistant in suggesting and offering alternative equipment was regarded as beneficial in supporting the transition between techniques, and avoiding tunnel vision ('fixation'). Likewise, after calling for help other clinicians offered a fresh perspective and provided what was perceived as crucial support. The availability of an Ear, Nose and Throat surgeon (to assist with surgical airways) helped with making decisions, as did general discussion with the attending surgeon. It was further mentioned that other medical team members (such as technicians) are often better trained than in the past, and so were perceived as being helpful when anaesthesia staff had limited experience. Knowing the nursing staff and their level of experience was also mentioned as being important to task allocation. The relevance of experience and learning to successful management of airway challenges was discussed in 12 interviews. Most frequently, it was stated that departmental morbidity and mortality meetings and discussion of high-profile cases were powerful means to learn, and therefore helped in managing challenging cases. Having algorithms or mental models to fall back on in time-pressured situations supported practitioners by reminding them of alternative management options and strategies ("I was just trying to go down the algorithm!", Anaesthetist, #9; "I just remember: mask, LMA, knife. That's all I remember. And then all of these other fine tunings can come later or, you know, more supplementary", Anaesthetist, #15). communication', 'equipment location and storage', 'experience and learning', 'time and resource limitations' and 'planning'. Although teamwork and communication are powerful enablers, they can also be barriers. In four interviews, individual personalities and culture were noted to negatively impact on airway management. For example, an impatient surgeon can create production pressure that can be a challenge to junior staff. Furthermore, although there has been much improvement in recent years, hierarchical barriers still exist between anaesthetists and nurses. Both anaesthetists and anaesthetic nurses reported that these hinder adequate communication, and can impair successful airway management.
In five incident narratives, the location of airway equipment and the way it was stored was discussed. No single dedicated location for airway equipment was mentioned as a barrier for successful airway management. For example, supraglottic airways were stored in different locations and had to be searched for before they could be used. The fact that some rescue equipment was not in visible proximity contributed to not considering it as an option in a can't-intubate-can't-oxygenate crisis. Lack of experience of anaesthesia team members was mentioned twice as a barrier. This related to less experienced anaesthetic nurses that were not yet familiar with airway equipment, or patterns of transitions between techniques. On a few occasions, surgical nurses and technicians helped out in difficult situations where limited staff were available. Their relative inexperience with airway management was also perceived as a barrier, although in general they were helpful.
Most barriers discussed were related to time and resource limitations. Time pressure was the main reason why anaesthetists were negative about cognitive decision aids in the form of flow charts or models; they were perceived as a distraction from the workflow of airway management rather than a support. Another barrier mentioned was the limited staff available, especially on the weekend or after hours; mostly this referred to the limited availability of anaesthetic nurses and ENT surgeons at these times. The fact that some expensive items of airway equipment such as fibreoptic or videolaryngoscopes had to be shared across theatres was also identified as a barrier, since they generally had to be obtained in advance.
In four of the interviews, inadequate planning and preparation led to required equipment not being immediately available or visible to practitioners. Inadequate planning was also highlighted in lack of back-up plans, and over-reliance on videolaryngoscopy was also discussed (". . .probably that the anaesthetist should have had a set of back up plans, there should have been an airway plan that was there, I think there was an over-reliance on the video laryngoscope", Anaesthetist, #10).
Discussion
This study has identified key decision-making enablers and barriers for anaesthetic teams when handling challenging airway management situations. In general, more enablers were identified than barriers. One reason for this finding may be that all the airway cases were solved successfully, so discussion concentrated on enablers rather than barriers. However, the findings clearly reflected extremely effective coordination in anaesthesia teams. The interaction between anaesthetic team members and the clinical environment (including technology, physical set-up and other medical team members) enabled successful airway management. This is an important finding that needs to be emphasised: despite awareness of a variety of systemic and equipment factors that can constrain decision making, there is still a tendency to focus on erroneous individual behaviour when there is a poor clinical outcome [5, 25] .
This study takes the conversation beyond the importance of non-technical skills [6] , acknowledging that decisions are a result of complex interactions between anaesthetic team members and the clinical environment (which includes technology, physical setup and other medical team members). The identified human factors enablers and barriers had some common themes, such as teamwork and communication, experience and learning, and equipment availability. These findings are congruent to those identified by Flin and colleagues [8] who found similar human factors contributing to critical incidents: 'job factors' such as time pressure and staffing and 'competence and training'. It is likely that the findings of this study can be applied to similar healthcare settings, and may help to initiate further discussions on how to improve support for successful airway management by anaesthesia and other medical teams.
This study provides unique insights into human factors enablers and barriers for airway management. There are specific aspects of the physical and organisational environment that could be improved effectively and cost-efficiently. For example, visibility and location of airway equipment, and availability of rescue equipment such as supraglottic airways. The relevance of morbidity and mortality meetings for mutual learning was also highlighted. This study showed that human factors at different levels of the complex anaesthesia system affected patient care across boundaries in the physical and social environment [13] . These boundaries included limited availability of certain types of airway equipment, limited staff availability and throughput pressure. They are a natural part of complex social technical systems, and the goal of system design should be to support humans to perform challenging work successfully in these environments. In other words, safety in anaesthesia should be viewed as an emergent, systems-level phenomenon that is made possible by the integration of people, tasks, equipment, organisation and the wider anaesthesia environment.
The Critical Decision Method interviews were undertaken in two large metropolitan, publicly funded teaching hospitals in Australia. Therefore, the findings might not necessarily be able to be extrapolated to dissimilar contexts. However, we believe that the enablers and barriers identified are likely to be similar in nature in any hospital where complex airway cases are undertaken. The interviews concentrated on difficult cases where emergency procedures were required, and so might not reflect normal decision making in anaesthetic practice. For instance, simulation training for front-of-neck access was mentioned twice, which may indicate an underestimate of the importance of this topic in emergency management, but an overestimate for routine clinical care given the rarity of need for these actions.
Our study had a small sample of participants and was qualitative, so the findings cannot easily be generalised in a traditional sense. Although our sample size picked up themes that fit well with past research, quantitative data from this study may not fully represent large-scale findings as found in nationwide audit projects such as the NAP4. However, generalisation to the wider population is often not the desired goal of qualitative enquiry; our aim was to examine human factors enablers and barriers through the lens of a few experienced anaesthesia team members.
Another potential limitation of our study is that the numbers of anaesthetists and nurses were not balanced. There were more anaesthetists than anaesthetic nurses in this study, as the tasks and activities undertaken by the nurses were less diverse and more repetitive than those of anaesthetic specialists. Furthermore, the nurses' actions were guided by anaesthetists to a large degree, with the majority of decisions being made by the specialist anaesthetists. For this purpose, data saturation was achieved with a lower number of interviews with anaesthetic nurses. Furthermore, the study's prime purpose was to study key decisions in challenging airway management situations, with a minor aspect being the supportive actions of nursing and other staff.
Finally, interviews are fundamentally retrospective and introspective. The fact that practitioners had to discuss in length how they managed a difficult case successfully may have encouraged a self-serving bias or (unconscious) self-preservation. As it was not possible to interview different team members involved in the same case to identify agreement of how the narrative unfolded and was managed, the findings of this study are based on individual practitioners' points of view. However, we believe that the particular focus on how difficult cases were managed successfully (rather than trying to identify 'human error') has helped in creating a non-judgemental atmosphere. The fact that teamwork and communication was a key enabler seems to indicate that there was mutual agreement on how the case was managed.
The present study provided further insights on human factors barriers and enablers, and thereby recommendations for decision support design for airway management. These recommendations reveal that supporting decisions can occur at different system levels of the anaesthetic environment: the physical environment, the organisation and the interpersonal environment, all interacting jointly.
Recommendations from this study are:
1 Any decision support tool should not interrupt or distract from the actual workflow of airway management. Complex charts or posters mandating a specific approach could potentially be perceived as another barrier rather than enabler. 2 Standardisation of the available equipment and how it is presented to the anaesthetic team may help to break down this barrier and support anaesthetic teams more effectively. A majority of barriers discussed were related to the location, storage and availability of airway equipment. Decision making processes in anaesthesia are complex and often implicit. However, the knowledge and thought processes underlying decisions and identifying what helped and what impeded them can be made explicit through interview techniques such as the Critical Decision Method. This knowledge can then be used to inform more effective system design [26] . Insights gained from this study will be used to design a prototype for a decision support tool for airway management. Key decisions, how they were made and what information and resources they required were previously identified as part of a decision-centred design process [27] . Examining human factors enablers and barriers to decision making is fundamental to the design of decision support tools to be used by healthcare clinicians.
